The 2003 Trends in International Mathematics and Science Study data from 46 countries showed that, although the national level of teacher quality in the United States was similar to the international average, the opportunity gap in students' access to qualified teachers between students of high and low socioeconomic status (SES) was among the largest in the world. Cross-national analyses revealed that the countries with better teacher quality produced higher mathematics achievement.
I
mproving teacher quality has been the major focus of educational reforms during the past 50 years, and federal involvement in teacher quality policies has increased over time (Cohen-Vogel, 2005) . Both the federal government and independent academic groups (e.g., the National Academies' Study of Teacher Preparation Programs) see teacher quality as the crucial driving force for improving student achievement and thus promoting a nation's economic competitiveness in the global society. In a 2006 annual report on teacher quality, Secretary of Education Margaret Spellings stated:
In order to strengthen our nation's competitiveness in the global marketplace, as well as our security at home, we must be certain that teacher proficiency in mathematics, science, technology, and foreign languages is sufficient to enable America's students to achieve at grade level and above in these subjects. (U.S. Department of Education, 2006b, p. iii) The importance of teacher quality is also noted by the National Academies (2007) in Web information on its Study of Teacher Preparation Programs: "Teacher quality is widely recognized by policymakers, practitioners, and researchers alike to be the most powerful school-related influence on a child's academic performance."
The dominant assumption in U.S. national education policy circles is that our country's teaching workforce is of low quality and that raising certification standards will improve teaching quality, national achievement, and economic competitiveness. Comparatively, there is considerable evidence that mathematics and science instruction in the United States is problematic. Ma (1999) argues that U.S. teachers have a weak grasp of basic mathematical concepts as compared with their Chinese counterparts. Studies of Japan and the United States also have found a significant variation in national patterns of teaching, which have been styled as a "teaching gap" and linked to poor student performance (Stigler & Hiebert, 1999; Stigler & Stevenson, 1991) . Although most nations do not have such clear ideal types as Japan, analysis of the classroom video data in the 1999 Trends in International Mathematics and Science Study (TIMSS) suggests that these patterns may have more to do with the sequencing and timing of lesson events than with distinct ideal types (Givvin, Hiebert, Jacobs, Hollingsworth, & Gallimore, 2005, p. 342) . Desimone, Smith, Baker, and Ueno (2005) found little variation in "gross teaching patterns" across 38 nations, based on a teacher survey, but did find that U.S. teachers used "conceptual instruction more with high-than with low-performing students" (pp. 523-524) .
Whether certification and standard setting will improve teacher quality is a more complicated issue. U.S. studies such as those by Borman and Kimball (2005) and Rivkin, Hanushek, and Kain (2005) suggest that teacher quality is a significant factor in predicting student achievement; however, constructing measures of teacher quality is a challenging task because of the lack of consensus on what constitutes a qualified teacher. Much of the emphasis in crossnational research in mathematics and science has been on improving measures of students' opportunity to learn (see Floden, 2002) and not on studying differences in teacher qualifications. The ongoing enactment of federal and state policies on teacher certification and the use of references to global conditions to justify this emphasis suggest that U.S. policy makers are "trapped" (see ) by a rhetoric of change and have failed to exploit potential sources of international data that could better inform policy decisions.
A major obstacle in federal and state efforts to increase the quality of the teaching workforce and student achievement is the persistent opportunity gap between students in their access to qualified teachers. High-poverty students and ethnic minority students are twice as likely as low-poverty and majority students to be assigned novice teachers who are new to the profession (Ascher & Fruchter, 2001 ; National Center for Education Statistics, 2000; Peske & Haycock, 2006) . In addition, they are often taught by uncertified teachers (Ascher & Fruchter, 2001; Darling-Hammond, 2004; Shen, Mansberger, & Yang, 2004) , out-of-field teachers (those without a major in the subject they teach ; Ingersoll, 1999 Ingersoll, , 2002 Jerald & Ingersoll, 2002) , or teachers with low ACT or SAT scores (Shen et al., 2004) . Furthermore, the opportunity gap with regard to student access to teachers with a subject major has widened in recent years (Jerald & Ingersoll, 2002) . Schools in poor and minority areas also experience far more instability in the teacher workforce (Ingersoll, 2002) . Inequities in access to qualified teachers are likely to play a significant role in the long-lasting achievement gap in the United States (Darling-Hammond, 2006) .
In this cross-national study, we focus on the measurable characteristics of teacher quality that share a relatively common meaning across various cultural contexts: (a) full certification, (b) mathematics major, (c) mathematics education major, and (d) teaching experience of 3 or more years. These characteristics also align with the requirements for teacher quality in the No Child Left Behind Act (NCLB); thus, an examination of these teacher quality indicators in international contexts will greatly inform U.S. policy makers.
We used the TIMSS data collected during 2003 from 46 countries (or, in a few cases, regions or populations within countries; for convenience, in this article we refer to all of them as countries) 1 to assess national levels of teacher quality and the opportunity gap in access to qualified teachers between students of high and low socioeconomic status (SES). We set out to answer the following research questions:
1. How does the percentage of eighth graders taught by qualified mathematics teachers in the United States differ from that in other countries? 2. How does the level of opportunity gap between high-SES and low-SES students in their access to qualified mathematics teachers in the United States differ from that in other countries? 3. How are the national levels of teacher quality and the opportunity gap associated with national mathematics achievement and the SES-based achievement gap?
Background
Educational Quality, Inequality, and National Achievement
Unequal access to high-quality teachers is, of course, part of a larger question of differential access to education based on socioeconomic, racial, or other background attributes. Studies that attempt to compare the relative meritocracy of access of U.S. education have produced mixed results. One of the most recent attempts, the Innocenti Center's Report Card 7 (United Nations Children's Fund [UNICEF], 2007, p. 18) , rates the educational well-being of U.S. children below the average of Organisation for Economic Cooperation and Development (OECD) countries. Not only do U.S. students fail to achieve the same mean mathematics scores as their OECD peers, but they also lag in reading and science. U.S. students appear to be at greater risk of failing to complete school than their OECD peers. Despite the rigidity of the German tracking system (UNICEF, 2002, p. 16; LeTendre, Hofer, & Shimizu, 2003, p. 49) , roughly 75% of U.S. 15-to19-year-olds are enrolled in full-or part-time education, as compared with nearly 90% of Germans (UNICEF, 2007, p. 20) . The United States has one of the lowest rates of school retention in the developed world. In the same report, the authors note the high rate of child poverty in the United States (p. 29). When using a cross-national standard (percentage of children in households with income less than 50% of the national median), roughly 22% of U.S. children live in poverty compared with just over 15% in the United Kingdom (the next highest OECD country) and about 2% in Denmark. This high level of childhood poverty, combined with the lack of a strong national system of early childhood education and care, may intensify the significance of opportunity gaps in access to qualified teachers later in the school career.
In a previous analysis of the TIMSS 1999 data, Baker, LeTendre, and Goesling (2005, p. 78) estimated that the United States came in just below the international mean in overall basic school resource inequality. Analysis of family background data from the Program for International Student Assessment (UNICEF, 2002; HampdenThompson & Johnston, 2006) suggests that the impact of disadvantaged social backgrounds (as measured by parental education, books in the home, immigrant status, and language spoken at home) in the United States is similar to that in other nations. However, Hampden- Thompson and Johnston (2006, p. 11) note that the achievement gap between students from two-parent homes and non-two-parent homes in the United States was significantly higher than the international average.
Both a family's and a community's lack of resources have been identified as significant factors in U.S. educational achievement cross-nationally. This research highlights the importance of access to quality public education as one of the few mechanisms available in the United States to counterbalance the transmission of social status and privilege. Access to high-quality teachers, then, appears essential to mitigating long-term social inequality in the absence of other policy levers. Unlike other nations with more developed social welfare or youth ministries, the United States traditionally has relied on school-based measures to ameliorate the effects of poverty (see the analyses of Head Start programs and Title I in Hacsi, 2002, and Stein, 2004) .
Teacher Quality and Student Achievement in the United States
NCLB requires that all teachers in core academic subjects be highly qualified by the 2005-2006 school year. Highly qualified is defined as fully certified, possessing a bachelor's degree, and demonstrating competence in subject knowledge and teaching. Many states still face difficulties in fully meeting these requirements (U.S. Department of Education, 2006a) , and data from the Council of Chief State School Officers (Blank, 2003, p. 6) show large state differences in the numbers of certified teachers providing instruction in subjects such as mathematics. As of 2005, 44 states required a passing score in content-related tests for certification, and 39 states required a content-specific bachelor's degree for at least one of their initial certificates (U.S. Department of Education, 2006b). Although in 2006 the overall teacher pass rate for the content-related test was reported to be 95%, the minimum passing scores are generally lower than the national median scores for these tests, indicating a lower contentknowledge requirement for teacher candidates (U.S. Department of Education, 2006b).
In the United States, many empirical studies have been conducted to identify the characteristics of teacher quality that are associated with higher student achievement. Several syntheses of these studies have identified teacher certification, subject matter knowledge, pedagogical knowledge, and teaching experience as significantly associated with higher student achievement or greater achievement gains (Darling-Hammond & Youngs, 2002; Rice, 2003; Wayne & Youngs, 2003; Wilson, Floden, & Ferrini-Mundy, 2001 .
Studies have found that students taught by teachers holding subject-specific certification achieve better. Based on a pairedcomparison design of 36 secondary teachers and 826 students, Hawk, Coble, and Swanson (1985) found that students taught by teachers certified in mathematics scored higher in both general mathematics and algebra than did students taught by teachers certified in other subjects. Brewer (1997, 2000) analyzed the nationally representative group of secondary school mathematics teachers in the National Education Longitudinal Study of 1988 (NELS:88) data set and found that students had higher achievement gains when their teachers were certified in mathematics as compared with students whose teachers had no certification or certification in other subjects. DarlingHammond (2000) conducted a state-level analysis using the National Assessment of Educational Progress data set and found that the percentage of teachers with full certification and the percentage of teachers with a subject major predicted higher statelevel student achievement in both mathematics and reading.
Contrary to these studies, Rowan, Correnti, and Miller (2002) found that subject-specific certification had no significant impact on elementary school students' achievement growth in mathematics or reading, based on an analysis of survey data from Prospects: The Congressionally Mandated Study of Educational Growth and Opportunity, 1991-1994 . These empirical studies seem to suggest that teacher certification matters in secondary schools but not in elementary schools (see Rice, 2003 , for the same conclusion).
Subject matter knowledge and pedagogical knowledge have been measured by various indicators: subject major, number of courses taken, and National Teachers Examination (NTE) scores. Brewer (1997, 2000) , using NELS:88 data, examined the impact of subject major or degree on student achievement gains among 10th and 12th graders and found that those students who were taught mathematics by teachers with an undergraduate or graduate mathematics major made greater achievement gains than those who were taught mathematics by teachers with a nonmath major or degree (see also Rowan, Chiang, & Miller, 1997) .
The relationship between student achievement and the number of subject matter courses teachers have taken was established by empirical studies in secondary school mathematics (Monk & King, 1994) and secondary school science (Druva & Anderson, 1983) but not in elementary mathematics (Eberts & Stone, 1984) . The studies that examined the impacts of both subject matter courses and pedagogy courses, however, showed that pedagogy course work had a larger impact on teaching performance (Ferguson & Womack, 1993) and student achievement in high school mathematics and science (Monk, 1994) than did subject matter course work.
Researchers also used the NTE scores to measure subject matter knowledge and examined how the scores are associated with student achievement. Strauss and Sawyer (1986) analyzed district-level data from one state and found that a 1% increase in district average NTE scores predicted a 5% decline in the rate of student failure on mathematics and reading high school competency examinations. The other empirical studies showed a negative or no significant relationship between NTE scores and student achievement in secondary school subjects (Lawrenz, 1975; Summers & Wolfe, 1977) and in elementary school subjects (Sheehan & Marcus, 1978) . These mixed findings seem to have resulted from differences in the units of analysis (district vs. student). All of these studies were published more than 20 years ago, and new evidence on the relationship between teacher performance on standardized exams and student achievement is needed.
Another indicator of teacher quality is teacher experience. If teacher learning accumulates with longer years of teaching practice, experienced teachers should be more effective than novice teachers in improving student achievement. Many empirical studies have indeed shown a significant and positive relationship between number of years and student achievement (see reviews by Greenwald, Hedges, & Laine, 1996; Rice, 2003) . However, the relationship is not linear. Teachers' effectiveness in improving student achievement appears to increase most in the first 3 years of teaching, but no major improvement in their effectiveness was observed after 3 years of teaching experience (Boyd, Grossman, Lankford, Loeb, & Wyckoff, 2006; Rice, 2003; Rivkin, Hanushek, & Kain, 2005) . 
Teacher Quality Around the World
Globally, the United States appears to be one of many countries instituting higher standards and certifications for teachers (see Steiner-Khamsi, 2004 ). In the United States, the focus on certification has been informed by research on out-of-field teaching (Ingersoll, 1999 (Ingersoll, , 2001 3 and by comparative and international studies that identified the weaknesses in instructional practices and environments surrounding U.S. teachers in comparison with those of teachers in high-achieving countries (Ginsburg, Cooke, Leinwand, Noell, & Pollock, 2005; Hiebert et al., 2005; LeTendre, Baker, Akiba, Goesling, & Wiseman, 2001; Stigler & Hiebert, 1999; Stigler & Stevenson, 1991) .
Education policy makers around the world have paid attention to teacher quality as a major vehicle to improve student learning (OECD, 2004 (OECD, , 2005 ; UNESCO Institute for Statistics, 2006) . Attracting competent candidates for the teaching profession, retaining highly qualified teachers by providing support and incentives, and ensuring students' access to high-quality teaching have been major focuses of educational reforms in many countries (OCED, 2005) . According to a study of 25 countries conducted during (OCED, 2005 , policy makers in the majority of those countries were struggling with the problems resulting from a lack of highly qualified teachers, especially in science-and math-related subjects; the low social status and salary of teachers and their poor working conditions; a lack of systemic induction programs; and inequitable distribution of qualified teachers between high-poverty and low-poverty schools. UNESCO also reports a severe teacher shortage in sub-Saharan African countries, the Arab States, and South Asian countries (UNESCO Institute for Statistics, 2006) . Many countries around the world share the same concerns with U.S. policy makers and educators about teacher quality.
Some studies have identified significant variations in student access to qualified teachers in other countries. The UNESCO Institute for Statistics (2006) examined the gap in teacher quality among isolated/rural areas, small towns, and large cities in 13 southern and eastern African countries, including South Africa, Botswana, Kenya, and Uganda. A higher percentage of students in isolated/rural areas were taught by teachers with less than 3 years of experience than were students in small towns or large cities in most of these countries. In addition, in Namibia, Tanzania, and Uganda, teachers in isolated/rural schools scored lower in a sixth-grade mathematics test than the teachers in large city schools.
Few studies have examined teachers' characteristics associated with higher student achievement or achievement gain in other countries. However, indicators of teacher quality, the nature of instruction, and teacher policy have been compared between the United States and other countries. Studies have shown that mathematics teachers in high-achieving countries tend to demonstrate balanced attention to challenging content, procedural skills, and conceptual understanding, whereas U.S. teachers' instructional practice is characterized by its focus on lower level mathematics skills Stigler & Hiebert, 1999) . A comparative study on teachers' work further revealed that U.S. mathematics teachers are assigned to teach multiple subjects and multiple grade levels more often than are Japanese mathematics teachers, who usually teach only mathematics to only one grade level (LeTendre, Baker, Akiba, Goesling, et al., 2001) .
A study conducted by the Educational Testing Service compared the United States with high-achieving countries-Australia, England, Hong Kong, Japan, Korea, the Netherlands, and Singapore-in eighth-grade mathematics and science teacher education and development policies (Wang, Coleman, Coley, & Phelps, 2003) . The study found that all the countries except the United States and Australia had centralized systems of teacher education and certification with tighter regulatory control by the central government. All of the compared countries had screening criteria at multiple time points-entry to teacher education program, evaluation of field experience, exit from teacher education program, or certification-whereas in the United States, teacher licensure testing was the only major high-stakes criterion for determining who could become a teacher. Furthermore, teacher induction for new teachers was required in England, Singapore, Japan, and Australia; in the United States, induction programs were fragmented because of variations in policies and resources available.
In summary, the empirical studies that link teacher quality and student achievement are limited to the U.S. research literature. Existing comparative studies have examined teacher quality using various indicators (i.e., instruction, working conditions, and teacher education policy), yet none of them has cross-nationally examined how national levels of teacher quality are associated with national achievement. Moreover, although an opportunity gap in student access to qualified teachers has been identified in the United States and other countries, little is known about how the gap leads to inequality in learning outcomes across students with various backgrounds. The present study uses nationally representative data collected from 46 countries around the world to examine this question. By studying the links between teacher quality, opportunity gaps, national achievement, and achievement gaps from a global perspective, we attempt to provide empirical findings to inform U.S. federal and state policy making on teacher quality.
Method

Measuring Teacher Quality
Measuring teacher quality across various national contexts poses methodological challenges. Each country defines qualified teacher differently. Many comparative studies have shown that the cultural roles and identities of teachers vary across countries (Anderson-Levitt, 2001; LeTendre, 1994 LeTendre, , 1995 Shimahara & Sakai, 1995; Welmond, 2002) . National patterns of school organization and political priorities also affect teachers' work roles and approaches to teaching (LeTendre, Baker, Akiba, Goesling, et al. 2001; Osborn et al., 2003, p. 98) .
However, the past century has witnessed considerable homogenization of curricula within core subject areas in national curricula (Benavot & Braslavsky, 2006; Benavot, Cha, Kamens, Meyer, & Wong, 1991) . Work by neoinstitutionalist scholars (Meyer, Ramirez, & Soysal, 1992; Ramirez & Boli, 1987) shows a longterm, transnational trend toward isomorphism in core curriculum and basic instructional practices. Although scholars continue to debate the extent to which teaching is affected by national cultures or a global cultural dynamic (see Anderson-Levitt, 2005; Givvin et al., 2005; LeTendre, Baker, Akiba, Goesling, et al., 2001) , it is clear that for highly structured subjects such as mathematics, teachers around the world can readily recognize (and critique) core curricular concepts and instructional strategies across a wide range of nations (Stigler & Hiebert, 1999) .
In this study, we decided to use measurable characteristics of teacher quality that have been linked with student achievement in past studies and that share a relatively common meaning across various cultural contexts: (a) full certification, (b) mathematics major, (c) mathematics education major, and (d) teaching experience of 3 or more years.
In addition to these four separate measures of teacher quality, we developed an overall measure of teacher quality based on percentage of students taught by mathematics teachers who are fully certified, who majored in mathematics or mathematics education, and who have 3 or more years of teaching experience. This overall teacher quality measure allows us to examine the cumulative impact of multiple aspects of teacher quality in addition to the impact of each characteristic. We also measure mathematics major and mathematics education major separately, unlike most existing studies, to differentiate the impact of teacher learning through mathematics courses only from the impact of teacher learning through both mathematics and mathematics education courses (Wayne & Youngs, 2003) . Wang et al. (2003) found that although the number of requirements for teachers varied across the eight countries they examinedAustralia, England, Hong Kong, Japan, Korea, the Netherlands, Singapore, and the United States-the structure and content of undergraduate teacher education programs were similar across those countries, including courses in subject content and pedagogy and field experiences observing and teaching students. Similarly, Osborn et al. (2003) found that the training of teachers in France, England, and Denmark was similar in "length, structure, context and level of training" (p. 74). Issues of comparability in preservice teacher certification measures have been systematically addressed in previous OECD studies (see Siniscalco, 2002, p. 47) . Thus, the definitions of these four measures-full certification, mathematics major, mathematics education major, and teaching experience of 3 or more years-are similar enough across these countries to allow crossnational comparison and analyses. (For details on the development of the TIMSS teacher questionnaire, see Martin, Mullis, & Chrostowski, 2004, especially chap. 3.) It is also important, however, to be aware of the possible differences across countries in interpreting data from international comparisons. The data are based on teachers' self-reports, and teachers in each country interpret the questions based on their understandings of the four measures. Thus, when we present the percentage of students taught by certified teachers, we need to keep in mind that it is the percentage of students taught by teachers who met the certification criteria in each country. The same interpretation applies to mathematics major and mathematics education major. Although the criteria tend to be similar in format, other factors differentiate the quality of teachers across countries, such as quality and difficulty of courses required for certification, major field of study, and qualification of teacher educators. Understanding both the similarities and the differences is essential if cross-national comparisons are to have beneficial effects on important policy decisions.
Data
The TIMSS was developed by the International Association for the Evaluation of Educational Achievement (IEA) to measure trends in students' mathematics and science achievement in more than 50 nations around the world. This study focused on data from eighth graders and their mathematics teachers. A two-stage stratified sampling method was used to sample secondary schools first and then eighth-grade classrooms from the sampled schools. The schools were first stratified by type of school, region of the country, type of location, and percentage of minority students. A probabilityproportional-to-size technique was used in the process of selecting schools to give a higher probability of selection to larger schools. 4 One or two mathematics classrooms were chosen with an equal probability of selection within the sampled schools based on the list of eighth-grade classrooms. The mathematics teachers of these classrooms were selected, and they filled out a teacher questionnaire. The 2003 data collected from eighth graders and their mathematics teachers in 46 countries with at least one measure of teacher quality were analyzed in this study. The sample sizes of eighth graders and eighth-grade teachers from which the national variables were developed ranged from 2,830 in England to 8,912 in the United States for students and from 72 in Morocco to 377 in the United States for teachers.
Measures
We measured teacher quality by the percentages of students taught by (a) teachers with full certification; (b) teachers with a mathematics major; (c) teachers with a mathematics education major; (d) teachers with 3 or more years of teaching experience; and (e) teachers with full certification, a mathematics or mathematics education major, and 3 or more years of teaching experience (overall measure of teacher quality).
Regarding certification, mathematics teachers of eighth graders were asked, "What type of license or certificate do you hold?" with the answer choices of "full certificate," "provisional certificate," "emergency certificate," and "other." Their responses were recoded as follows: 1 = full certificate, 0 = any of the others. Regarding mathematics major and mathematics education major, teachers were asked, "During your postsecondary education, was 'mathematics' your major or main area(s) of study?" and "During your postsecondary education, was 'mathematics education' your major or main area(s) of study?" The teachers responded yes (coded as 1) or no (coded as 0) to each question. Regarding teaching experience, mathematics teachers were asked, "By the end of this school year, how many years will you have been teaching altogether?" and the teachers reported the number of years. Their responses were recoded as follows: 0 = none to 2 years, 1 = 3 or more years. Descriptive statistics of these teacher-level data are presented in Appendix A.
Because we will examine the relationship between teacher quality and student achievement outcomes, we measure nationallevel teacher quality by the percentage of students who were taught by qualified teachers rather than by the percentage of qualified teachers within each nation. Therefore, all of the teacherlevel data were disaggregated at the student level after being merged with the data of the eighth graders who were taught by these mathematics teachers. Descriptive statistics of these variables are presented in Appendix B.
To measure the national-level opportunity gap, we developed five variables based on the difference between the percentage of high-SES students (standard deviation of 1 or higher) and the percentage of low-SES students (standard deviation of -1 or lower) who were taught by qualified teachers based on the five teacher quality variables.
5
For student achievement measures, we developed two national-level variables: (a) the national mean mathematics achievement of eighth graders and (b) the achievement gap measured by the difference in the mean mathematics score between high-SES students (standard deviation of 1 or higher) and low-SES students (standard deviation of -1 or lower). National mean achievement is the overall national level of student learning; the achievement gap is the inequality in learning outcomes by SES. It is important to consider both of these variables because a country may produce a high average mathematics score in spite of large disparities in the mathematics scores of high-SES and low-SES students. Both measures are important for nations that attempt to achieve excellence and equity in student achievement.
Two national economic indicators were analyzed as control variables for the examination of the relationships between (a) teacher quality and national achievement and (b) opportunity gap and achievement gap. Educational expenditure as percentage of gross domestic product (GDP)-a measure of educational investment-and GDP per capita are significant predictors of national achievement Schmidt et al., 2001, pp. 314-320) . Educational enrollment ratio as a measure of educational development was also collected but was excluded from the analysis because of its high correlation with GDP per capita (Pearson correlation = .71, significant). These indicators were collected from the UNESCO Institute for Statistics (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) 
Analysis
To investigate our first research question (How does the percentage of eighth graders taught by qualified mathematics teachers in the United States differ from that in other countries?), we created the percentage rankings from the highest to the lowest for each of the teacher quality indicators: full certification, mathematics major, mathematics education major, teaching experience of 3 or more years, and overall teacher quality. In addition, the difference in the percentage of high-SES students and low-SES students who are taught by qualified teachers was computed to assess the size of opportunity gap, and the countries were ranked from highest to lowest based on the gap. Thus, we addressed the second research question (How does the level of opportunity gap between high-SES and low-SES students in their access to qualified mathematics teachers in the United States differ from that in other countries?). To approach the final research question (How are the national levels of teacher quality and the opportunity gap associated with national mathematics achievement and the SES-based achievement gap?), we first conducted correlation analyses at the national level to examine the relationship between teacher quality/opportunity gap and national mean mathematics achievement/SES-based achievement gap. Then, we conducted multiple regression analyses to include two national-level control variables: educational expenditure as percentage of GDP and GDP per capita.
Results
National Achievement and Achievement Gap in Eighth-Grade Mathematics
The magnitude of the achievement gap between wealthy and poor students around the world has been examined by a few studies, and the findings have been inconsistent. Baker et al. (2005) showed that disadvantaged 12th graders (students with mothers having less than a high school education and from single-parent homes) in the United States achieved the lowest compared with those in nine other developed countries, but Hampden- Thompson and Johnson (2006) found that the achievement gap in the United States based on SES characteristics (parents' education level, parents' occupational status, and number of books at home) and family characteristics (students' language at home, immigrant status, and single-parent family) is no different from the international average of 20 developed countries.
There is a need to understand the level of achievement gap using a larger number of comparison countries with various economic levels. Figure 1 presents the national mean mathematics achievement of eighth graders in 46 countries, with the size of achievement gap represented in the vertical lines attached to the bar graphs in 46 countries based on 2003 TIMSS data. The United States is highlighted in the graph, and 10 countries with the highest achievement gap are indicated, with the size of the gap attached to the vertical lines. Among 46 countries, the United States is ranked 15th in national achievement and 10th in the size of achievement gap. National achievement scores varied from 266 in South Africa to 605 in Singapore; U.S. eighth graders scored 504 on average, higher than the international average of 465.2.
Although U.S. eighth graders' achievement was higher than the international average, the SES-based achievement gap was larger than in many other countries. Morocco showed the smallest achievement gap (19) and South Africa showed the largest (140). These numbers represent the differences in mean mathematics scores between high-SES students and low-SES students. N e w Z e a l a n d I s r a e l S c o t l a n d E n g l a n d S w e d e n L i t h u a n i a
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N e t h e r l a n d s J a p a n T a i w a n In the United States, the achievement gap between high-SES and low-SES students was 109, higher than the cross-national average of 85.8.
We can see from the figure that both high-achieving countries such as Korea and Taiwan and low-achieving countries such as Chile and South Africa produce large achievement gaps between high-SES and low-SES students. The correlation coefficient of the relationship between national achievement and achievement gap was .11 and not statistically significant. The data show that high-achieving countries do not necessarily produce a smaller achievement gap between high-and low-SES students.
National Level of Teacher Quality
How does the level of teacher quality in the United States compare with that in other countries? Table 1 shows the percentage ranking from highest to the lowest for each of the five teacher quality indicators. In the United States, 95.4% of eighth graders are taught by fully certified teachers, which is higher than the international average of 91.2%. In 11 out of 39 countries, every student surveyed was taught by a fully certified teacher, in comparison with only 49.7% of students in South Africa and 25.9% of students in Macedonia. In these 11 countries, it is likely that strict government regulations prevent teachers from entering the teaching profession without full certification, although the requirements for full certification may differ across countries.
When we look at mathematics major, only 47.3% of U.S. students are taught mathematics by teachers with a mathematics major, a significantly smaller percentage than the international mean of 70.9%. The United States ranked 41 among 46 countries in this indicator of teacher quality. The data suggest that, in a majority of countries, unlike in the United States, possession of a mathematics degree is a common characteristic of teachers teaching mathematics to eighth graders. Cross-nationally, the percentage varies from only 20.8% in Italy to 98.1% in Latvia.
A higher percentage of eighth graders are taught by teachers with a mathematics education major who received both subject content and pedagogical preparation for teachers to teach mathematics. The data show that 55.3% of U.S. eighth graders are taught by teachers with a mathematics education major. The cross-national average is 53.7%, which indicates that having a mathematics education major is less common among teachers teaching mathematics than having a mathematics major in many countries. Here we see extreme cross-national variation: The percentage varies from 2.8% in Norway to 92.2% in Hungary.
Appendix B shows the breakdown of the percentages by mathematics major, mathematics education major, both mathematics and mathematics education major, and no math-related major. In the United States, 19.1% of students are taught by teachers with mathematics major only, 27.1 of students are taught by teachers with mathematics education major only, and 28.2% of students are taught by teachers with both mathematics major and mathematics education major.
The figures in the United States indicate that a significant proportion of U.S. eighth graders are taught mathematics by teachers without subject-specific training. Appendix A shows that in the United States 29.7% of teachers are teaching mathematics without a major in mathematics or mathematics education. Appendix B shows that 25.6% of students are taught by these teachers. These figures are similar to previous studies conducted by Ingersoll (1999) , which found that 33% of secondary mathematics teachers do not have a major or minor in a math-related field, and by Seastrom, Gruber, Henke, McGrath, and Cohen (2002) , which showed that 23% of middle school students were being taught by mathematics teachers who had neither majored in nor had a certificate to teach mathematics. These data confirm that more than 1 eighth grader in every 4 is taught by an out-offield teacher in the United States, which is a significantly higher proportion than the international average of 13.2%.
Teaching experience is another indicator of teacher quality associated with higher student achievement in the United States; 90.8% of U.S. eighth graders are taught by teachers with 3 or more years of teaching experience, a figure almost identical to the international average of 90.7%. Cross-nationally, only a small percentage of eighth graders are taught by novice teachers with less than 3 years of experience, but there was some variation, ranging from 71.6% in Ghana to 100% in Armenia and Latvia. When we consider teacher quality, it is also important that we measure multiple aspects to holistically understand the nature of teacher quality. Cross-nationally, 62.3% of eighth graders are taught by teachers with all of these qualifications, and it ranged from only 7.4% in Macedonia to 93.5% in Lithuania. The figure in the United States is approximately the same as the crossnational average; 60.3% of U.S. eighth graders are taught mathematics by teachers with full certification, mathematics or mathematics education major, and at least 3 years of teaching experience. However, if we consider that these characteristics are minimal requirements for qualified teachers, a lack of access to these teachers by 40% of U.S. eighth graders requires major policy attention.
National Level of Opportunity Gap in the Access to Qualified Teachers
How does access to qualified teachers vary by students' SES? Table 2 presents the difference in the percentage of high-SES students and low-SES students who are taught by qualified teachers. For the countries with a positive value of the percentage difference, high-SES students have a greater opportunity to be taught by qualified teachers than do low-SES students, indicating the existence of unequal access to qualified teachers and a greater opportunity gap. For the countries with a negative value for the percentage difference, low-SES students are more likely to be taught by qualified teachers than are high-SES students, indicating the existence of needs-based access to qualified teachers and a smaller opportunity gap. 8 When we look at the international average across 46 countries, the opportunity gap is no more than 3% for all indicators of teacher quality. On average, many countries are successful in equalizing access to qualified teachers along the line of SES and also providing low-SES students a higher level of access to qualified teachers compared with high-SES students. However, we can also observe major variations across the countries in the size of opportunity gap in the access to qualified teachers.
For students' access to fully certified teachers, the percentage gap varied from -13.2 in Iran to 17.5 in South Africa. In Iran, low-SES students had greater access to fully certified teachers than did high-SES students, whereas in South Africa, high-SES Note. The columns headed by percentage signs (%) show the difference in each country between the percentages of students of high and low socioeconomic status (SES) taught by qualified teachers. For instance, in South Africa, 17.5% more high-SES students than low-SES students were taught by fully certified teachers; in Korea, 0.3% fewer high-SES students than low-SES students were taught by fully certified teachers. The number before each country name indicates ranking based on the percentage difference for the teacher quality indicator for that column. Flemish Belgium refers to the Flemish-speaking population in Belgium. Data from the United States are bolded to show where the country stands cross-nationally. a The data on certification are not available from Flemish Belgium, Cyprus, England, Hungary, Latvia, the Netherlands, or Scotland. b The data on math education major are not available from Flemish Belgium, Italy, or Russia.
students had greater access to fully certified teachers than did low-SES students. In the Unites States, the difference was 1.8, showing that there is no major difference between high-SES and low-SES students in their access to fully certified teachers. When we look at the difference in student access to teachers with mathematics major and mathematics education major between high-SES and low-SES students, the data showed larger variations across countries. It varied from -12.8 in Ghana to 24.2 in Chile for mathematics major and -13.9 in Serbia to 42.4 in Chile for mathematics education major. In the size of the opportunity gap, the United States ranked 6th for mathematics major and 4th for mathematics education major. The percentage of high-SES students taught by teachers with a mathematics major was 10% higher than that of low-SES students (54.1% vs. 44.1%), and the percentage of high-SES students taught by teachers with a mathematics education major was 13.8% higher than that of low-SES students (59.9% vs. 46.1%). There exists a major opportunity gap between high-SES and low-SES students in their access to teachers with a subject-specific major in the United States, and this gap is larger than those of most other countries compared here.
The gap in students' access to teachers with at least 3 years of teaching experience varied from -10.7 in Sweden to 16.6 in Syria. In Sweden and in New Zealand, where the gap is -9.1, low-SES students are more likely than high-SES students to be taught by experienced teachers. On the other hand, in Syria and in Tunisia, where the gap is 15.9, more low-SES students than high-SES students are taught by less experienced teachers. In the United States, the gap was 3.6, with high-SES students having a slightly higher opportunity to be taught by experienced teachers, which is similar to the international average of 2.2.
However, when we investigated the opportunity gap between high-SES and low-SES students using all of these indicators, the United States ranked 4th among 39 countries. Figure 2 shows the countries that provide unequal access to qualified teachers and the countries that provide needs-based access to qualified teachers indicated by the size of opportunity gap.
In the United States, 67.6% of high-SES students were taught by teachers with full certification, mathematics or mathematics education major, and at least 3 years of teaching experience compared with 53.2% of low-SES students, showing the opportunity gap of 14.4%. This is significantly larger than the international average of 2.5%. The overall opportunity gap varied from -12.9 in Ghana to 18.5 in Syria. This large opportunity gap in access to qualified teachers between high-SES and low-SES students in the United States exacerbates the learning opportunity gap beyond the preexisting resource gap due to family's SES. What consequence could this inequality in the access to qualified teachers have on student outcome? Our final analysis explored this policy question.
Teacher Quality, Opportunity Gap, and National Achievement Outcomes
We examined the relationship between national levels of teacher quality and opportunity gaps in access to qualified teachers and national achievement outcomes: national mean mathematics score and SES-based achievement gap in mathematics scores through correlation and multiple regression analyses.
The correlation results showed that the percentage of students taught by fully certified teachers, the percentage of students taught by teachers with 3 or more years of teaching experience, and the percentage of students taught by teachers with high overall quality (full certification, mathematics or mathematic education major, and at least 3 years of experience) were significantly associated with higher national achievement. In addition, opportunity gaps in students' access to teachers with a mathematics major and to teachers with high overall quality were significantly associated with a larger achievement gap. Based on these results, we conducted multiple regression analyses to examine: (a) the relationship between teacher quality and national achievement and (b) the relationship between opportunity gap and achievement gap, controlling for two national economic indicators: educational investment measured by educational expenditure as percentage of GDP and GDP per capita. The results are presented in Tables 3 and 4 .
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Five models with each of the teacher quality indicators are presented in these tables. The sample size varied from 29 to 34 because of the unavailability in some countries of data on educational expenditure as percentage of GDP and/or GDP per capita. Table 3 shows that all the teacher quality indicators except mathematics major were significantly and positively associated with national achievement. The countries where higher percentages of eighth graders were taught by fully certified teachers, teachers with a mathematics education major, teachers with at least 3 years of teaching experience, and teachers with high overall quality (a combination of four teacher quality indicators) achieved a significantly higher national average mathematics score than the other countries. A lack of a significant relationship between mathematics major and national achievement shows that holding a mathematics major alone may not show that a teacher is effective in improving student achievement. However, when mathematics major is accompanied by full certification and teaching experience, the teacher is likely to effectively facilitate student learning, as shown in the significant relationship between overall teacher quality and student achievement. Our data confirmed the importance of ensuring a qualified teaching workforce to produce higher national achievement.
Does an opportunity gap in students' access to qualified teachers result in a larger achievement gap? Note. B = unstandardized regression coefficient; GDP = gross domestic product; R 2 = percentage of variance in the dependent variable explained by the independent variables. *p < .05. **p < .01. ***p < .001. Note. B = unstandardized regression coefficient; GDP = gross domestic product; R 2 = percentage of variance in the dependent variable explained by the independent variables. *p < .05.
relationship between the independent variables and opportunity gap and achievement gap was not as strong as the relationship between the independent variables and teacher quality and national achievement. It shows that the opportunity gap measured by the difference in the percentages of high-SES students and low-SES students taught by teachers with mathematics major was significantly and positively associated with achievement gap, but no other opportunity gap indicators showed a significant relationship.
This lack of significant relationship may be due to cross-national differences in how the opportunity gap leads to the achievement gap. For example, as shown in Figure 2 , high-achieving Asian countries such as Hong Kong and Singapore have the highest level of opportunity gap, similar to that of the United States. However, in these countries, the impact of the opportunity gap in students' access to qualified teachers may be minimized because of equity in school resources and opportunities for teacher learning. These countries have centralized education systems in which the government ensures the equal distribution of material resources for instruction. Hong Kong and Singapore were found to be among the countries with the lowest levels of inequality in school resources (e.g., instructional resources, building conditions, and class size) in a comparative study of 52 countries . In Singapore, the National Institute of Education, in collaboration with the Ministry of Education, provides teachers with various professional development pathways through which they can systematically upgrade their professional knowledge and practices according to their talents and aspirations based on professional development continuum models (Tan, 2005) . Participation in professional development is required for teachers seeking promotion in Hong Kong as well (Wang et al., 2003) .
These teacher learning opportunities, combined with equal resource allocations, are likely to reduce the initial gap in teacher qualifications by improving teacher practices through mentorship and collaboration among teachers. These may be possible reasons why Hong Kong and Singapore do not have large achievement gaps (see Figure 1) despite the large opportunity gaps between high-SES and low-SES students in their access to qualified teachers.
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In sharp contrast, in some countries, including the United States, where the teacher qualification gap is likely to be accompanied by gaps in teachers' access to instructional resources and professional development opportunities, the impact of the gap in opportunity to be taught by qualified teachers is likely to be further enhanced, thereby increasing the achievement gap. Because there are many mediators that either enhance or mitigate the impact of an opportunity gap on the corresponding achievement gap, and the mediators and processes are likely to vary across countries, the relationship between opportunity gap and achievement gap is not as straightforward as the relationship between teacher quality and national achievement.
Mathematics major as a measure of teacher content preparation and knowledge is unique because teachers' mathematics knowledge may have more to do with an innate ability and therefore be more difficult to develop through learning opportunities or provision of resources. Thus, students taught by teachers with a mathematics major may benefit from mathematics instruction more focused on concepts and higher order thinking than students taught by teachers without a mathematics major. The complexity of the relationship between opportunity gap and achievement gap points us to the importance of exploring cross-national differences in mediators and processes.
Discussion
This cross-national study of 46 countries investigated an important focus of educational reforms around the world-teacher quality. Despite the important role teachers play in promoting student learning, systematic cross-national analysis of the effect of teacher quality on educational achievement has been limited. This study used the largest international database available (the 2003 TIMSS) and not only compared teacher quality and the opportunity gap in the United States with those in 45 other countries but also conducted cross-national analyses of the relationships between teacher quality, opportunity gap, national achievement, and achievement gap.
Comparisons of the national levels of teacher quality and opportunity gap between high-SES and low-SES students in their access to qualified teachers offer an important insight into our efforts to achieve both high standards and equity in the quality of the teaching workforce. The data show that many countries that have achieved an overall high-quality teaching workforce do not necessarily offer equal access to qualified teachers across students of various socioeconomic statuses. For example, in Slovenia and Romania, more than 80% of eighth graders are taught by qualified teachers who have met the criteria for full certification, have completed a mathematics or mathematics major, and had 3 or more years of teaching experience. However, a significantly higher percentage of high-SES than low-SES students are taught by qualified teachers. In contrast, in New Zealand and Ghana, less than 40% of students are taught by qualified teachers, but low-SES students have more access to those qualified teachers than do high-SES students. In other countries, such as the United States and Australia, about 60% of students are taught by qualified teachers-a level similar to the international average of 62%-yet the opportunity gap is larger than the international average (14% in the United States and 7% in Australia, as compared with the international average of 2.5%).
These data show the difficulty of achieving high overall teacher quality while ensuring that all teachers possess the quality determined by each country. There are many reasons why this is not an easy task. High demand for teachers with a limited supply of teacher candidates can be one reason, and lack of resources for teachers to meet the requirements set by the government can be another. The reasons are likely to vary across countries. One approach to determining how to achieve both excellence in the teaching workforce and equity in access to teacher quality is to study the countries that have achieved this difficult goal. Our data showed that South Korea and Russia have achieved both a high percentage of students taught by qualified teachers and equality of access to qualified teachers by high-SES and low-SES students. An in-depth study of how these countries achieved both excellence and equity in teacher quality will provide useful information for U.S. policy makers.
Our analysis further revealed that the higher achieving countries had a higher percentage of students taught by teachers who had met their country's criteria for full certification, had majored in mathematics or mathematics education, and had accumulated at least 3 years of teaching experience. This means that when a country ensures that most students are taught by such teachersregardless of the specific requirements in that country-its students are likely to achieve higher.
Given that all of the countries studied here have teacher candidates with various abilities, we conclude that the countries with higher percentages of students taught by qualified teachers are likely to have established successful methods of recruiting the best qualified candidates into teaching and ensuring that only the candidates who pass multiple screening criteria are allowed to teach (Wang et al., 2003) . Our study provided evidence that investing in teacher quality, among other school factors, is a good way to improve student learning outcomes, but it is also important to ensure that all students are taught by highly qualified teachers.
Promoting high achievement by all students regardless of their SES, race/ethnicity, or other individual backgrounds is a major educational goal of any democratic society (Banks, 2007) . Highly educated citizens will be well informed of their rights and responsibilities and will actively participate in formal and informal efforts to improve the society. Our previous study showed that a country with a large achievement gap is likely to have a higher level of school violence (Akiba, 2004; Akiba, LeTendre, Baker, & Goesling, 2002) . Educational inequality is likely to lead to other factors that interfere with the healthy development of school-aged children. Thus, achieving equity by offering equal learning opportunities to all students is an important policy goal in all countries.
In the United States, where race and SES are intimately related, unequal access to qualified teachers adds an element of racial inequality to the education policy debate (see Friedman, 2005, p. 20) . In a separate cross-national analysis of race and student achievement, Boe and Shin (2005) found "compelling evidence that the low scores of these two groups of minority students were major factors in reducing the comparative standing of the U.S. in international surveys of achievement" (p. 695). Race-based differences in access to qualified teachers are therefore a powerful political issue that will continue to engage policy makers.
Despite the fact that teacher quality is a major source of inequality in students' learning opportunities, our data showed that the opportunity gap in students' access to qualified teachers was not significantly associated with achievement gap between high-SES and low-SES students. Ensuring students' equal access to teachers with full certification, a mathematics or mathematics education major, and at least 3 years of teaching experience alone does not lead to a narrowed achievement gap.
We argue that variations within countries in resources for instruction and learning opportunities provided to teachers are likely to explain this lack of a significant relationship. Some countries, such as Singapore and Hong Kong, provide equal instructional resources and ample opportunities for teacher learning, which would compensate for the initial gap in teacher qualifications. In the United States, instructional resources and learning opportunities tend to correlate with initial teacher qualifications because of the decentralized funding system based on local property taxes. Therefore, to reduce the achievement gap between high-SES and low-SES students, narrowing the gap in their access to qualified teachers in terms of their credentials and teaching experience alone is not sufficient. The government needs to pay attention to important mediators that lead to effective instructional practice among all teachers. Identifying such mediators, which are likely to differ from country to country, is an important direction for future research on teacher quality.
Policy Implications
Studies of cross-national achievement, whether conducted by the IEA or OECD, now play a major role in U.S. education policy discourse. A study of factors (databases, organizations, and individuals) affecting U.S. education policy (Swanson & Barlage, 2006) found that the TIMSS had "the second-highest overall influence index value" (p. ii). Improvements in cross-national research design (see Porter & Gamoran, 2002) now allow the data from such studies to be used to directly assess the impact of teacher quality on student learning outcomes.
Our data showed that although the United States produced a higher level of national achievement than the international average in eighth-grade mathematics in 2003, the U.S. achievement gap between high-SES and low-SES students was among the largest. The achievement of excellence as measured by national achievement level and equity of outcomes among students of various SES and ethnic backgrounds is a major goal that the United States has strived to achieve over the years.
The national level of teacher quality in the United States, as measured by percentage of students taught by qualified teachers, did not fall behind most countries. However, a major difference was observed between high-SES students and low-SES students in their opportunity to be taught by qualified teachers; the U.S. opportunity gap was fourth-highest among 46 countries. This inequality likely originates from the funding inequality between districts and schools under the decentralized U.S. funding system, which draws school funding mainly from local property taxes (Kozol, 1991 (Kozol, , 2005 . In addition, concomitant economic, ethnic, and racial segregation contribute to the inequality (Kozol, 2005) . The funding inequality typically results in a complex interaction of inequality in teacher salaries, school resources, class sizes, and curriculum offerings, all of which undermine a district's ability to attract (and keep) qualified teachers (see Smith, 2006 , for a study of state-level interventions designed to reduce teacher turnover). High-poverty districts, where low-SES and minority youths are often concentrated, typically have no choice but to hire underqualified (i.e., non-subject-trained) teachers because of the combined influences of high turnover rates and more difficult working conditions (Darling-Hammond & Sykes, 2003) .
Such funding inequality does not exist in many other countries that ensure equal access to qualified teachers among students or provide a higher level of access to qualified teachers for disadvantaged students. In comparison with the 14.4% difference in the percentage of high-SES and low-SES students taught by qualified teachers in the United States, 21 countries had less than a 5% difference; furthermore, 15 countries, including Malaysia, New Zealand, and Ghana, provided a higher level of access to qualified teachers for low-SES students. Many of these countries have centralized education systems that guarantee equal or needsbased funding allocation to schools. Others, such as Japan, implement regional hiring and assignment of teachers with periodic rotation specifically designed to reduce school-based differences in overall teacher quality.
Our data showed that although investing in teacher quality is likely to produce high national achievement, narrowing the 381 OCTOBER 2007 opportunity gap in students' access to qualified teachers does not by itself lead to a narrowed achievement gap. Because teaching is a profession that requires continuous learning, it is crucial to provide teachers with sufficient learning opportunities and instructional resources to enable them to continuously improve instruction. To develop effective instructional practices, mathematics teachers need to learn about students' prior experiences and knowledge related to mathematics, reflect on their own beliefs about mathematics learning, and continuously experiment with new instructional approaches. With one third of U.S. teachers teaching mathematics without a major in mathematics or mathematics education, it is especially important that they have the continuous learning opportunities and resources necessary for instructional improvement.
NCLB's requirements of full certification and subject-specific preparation are supported by our data, which established the link between high national achievement and a higher percentage of students taught by fully certified teachers with mathematics or mathematics education majors. However, without providing equal and continuous learning opportunities and resources for instructional improvement to all teachers, NCLB is unlikely to promote student learning or narrow the achievement gap.
Our data showed that other decentralized educational systems serving diverse populations, as in Australia and Sweden, produce smaller opportunity gaps and smaller achievement gaps between high-income and low-income students than those in the United States. These data show that it is possible for the United States to improve student access to qualified teachers and to narrow the achievement gap. Future international studies that uncover the characteristics of teacher quality policy and the role of federal government in successful countries can provide useful information from which U.S. policy makers can learn.
The achievement gap in the United States has not narrowed for many years (Harris & Herrington, 2006) . The opportunity gap in access to qualified teachers has always been a major problem in this country, and the nature of such inequality is well documented (Darling-Hammond, 2006 ); yet there has been no systemic effort at the federal or state level to address this inequality. In NCLB, districts and schools are held accountable for student outcomes but not for narrowing the inequality in students' access to qualified teachers and other resources. Districts need to be given additional resources and incentives to attract and retain highly qualified teachers for the students who need them the most. As Smith (2006) demonstrates, innovative state-level programs are a potentially useful tool.
However, we note Rockoff's (2004) caution: "The empirical evidence above suggests that raising teacher quality may be a key instrument in improving student outcomes. However, . . . policies that reward teachers based on credentials may be less effective than policies that reward teachers based on performance" (p. 251). Some nations (notably the high-performing East Asian countries) appear to have found other mechanisms that ensure high levels of student achievement. Ongoing teacher professional development and the equalization of instructional resources may prove to be equally or more effective than the credential requirements specified under NCLB.
For decades, researchers and reformers have called for more wideranging reforms that directly address school-based inequities in the quality of education that students receive. The international data show yet again the magnitude of the problem in the United States. They also appear to show that many nations have successfully addressed this issue without recourse either to highly centralized educational bureaucracies or to radical free-market reforms of public education. Determining how nations solve dilemmas of equity in access to highly qualified teachers is a promising area of study that offers more potentially policy-relevant information than continued emphasis on national scores and the global horse race to gain the top score.
NOTES
1 Although Taiwan and Hong Kong are parts of the Republic of China, not independent countries, they are counted as countries in this article. Similarly, Flemish Belgium refers to the Flemish-speaking population in Belgium.
2 The study by Boyd, Grossman, Lankford, Loeb, and Wyckoff (2006) and other studies summarized by Rice (2003) did not use panel data on teachers (e.g., following the same group of teachers for 5 years) to examine the impact of teaching experience on student achievement. For example, Boyd et al.'s study correlated teacher experience (in number of years) and student achievement increase over 1 year and found that the teachers who taught for 2 and 3 years had significantly larger achievement increases in the mathematics and English language arts scores of their students than did 1st-year teachers. However, there was no difference between the teachers with more than 3 years of experience and teachers with 3 years of experience in their effectiveness in improving student mathematics and English language arts scores. This is the method taken by all of the existing studies on the impact of teaching experience on student achievement.
3 Ingersoll (2001) argued that "school staffing problems are not primarily due to teacher shortages. . . . The data indicate that school staffing problems are primarily due to excess demand resulting from a 'revolving door'-where large numbers of teachers depart their jobs for reasons other then retirement" (p. 499). 4 A systemic probability-proportional-to-size technique was used to choose schools in the first sampling stage. The number of eighth graders was obtained for each school and was used as the measure of size to determine the probability for selecting each school. If larger schools have a higher probability of selection, students will have more nearly equal chances to be selected regardless of the size of the school where they are enrolled. For further technical details, see the TIMSS 2003 Technical Report (Martin, Mullis, & Chrostowski, 2004, pp. 118-121) .
5 Parental income, parental education, and parental occupation were generally used for computing socioeconomic status (SES) in the past studies (Hauser, 1994) . Because of the unavailability of parental income and occupation in the Trends in International Mathematics and Science Study (TIMSS) data set, in this study the measure of the SES of students was based on the education level of their parents, the existence of educational resources at home (calculator, computer, study desk or table, and dictionary), and the number of books at home. It was standardized around the mean in each nation. 6 The data from 2003 were collected to match with the TIMSS 2003 data. For the countries without 2003 data, the data from the most recent year were used. The educational expenditure as percentage of gross domestic product (GDP) varied from 1.2% in Indonesia to 8.3% in Saudi Arabia, with a mean of 5.1% and a standard deviation of 1.6. The GDP per capita in US$1,000 ranged from 2.2 ($2,200) in Ghana to 37.7 ($37,700) in Norway, with a mean of 15.5 and a standard deviation of 10.2. Although it is common to compute the log of GDP per capita in cross-national studies to reduce skewness, we used the original data without logging because the data were not skewed in the group of countries analyzed here. 7 The figure of 100% for Armenia and Latvia does not mean that there were no new teachers in these countries. It means that the percentage of new teachers was very small, and they were not selected as part of the samples. 8 Readers could argue that when low-SES students have greater access to qualified teachers than do high-SES students, the opportunity gap favors the low-SES students. However, such a gap is likely the result of a government policy or system that attempts to promote greater equality in students' opportunity to learn, based on the preexisting disadvantage of low-SES students as compared with high-SES students. Therefore, we consider the opportunity gap to be smaller in a national context where low-SES students have greater access to qualified teachers. 9 We must also consider the impact of high-quality early childhood education and care. The Innocenti Centre's research (United Nations Children 's Fund, 2002, p. 27 ) emphasizes the positive impact of highquality early childhood interventions in counteracting the impact of poverty. Work by Tobin, Wu, and Davidson (1989) suggests that both Japan and China have made provision of early childhood education a high priority. Given these high levels of basic support, the impact of teacher qualification may be reduced. Note. Flemish Belgium refers to the Flemish-speaking population in Belgium. The data on certification are not available from Flemish Belgium, Cyprus, England, Hungary, Latvia, the Netherlands, or Scotland. The data on math education major are not available from Flemish Belgium, Italy, or Russia.
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